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SVFS Limitations
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Outline

• Performance limitations of SVFS


• Strategies to improve FS performance


• Other limitations of SVFS
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Review: Directory Lookups
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Linear scan 
through directory 

data is slow to 
find a file!

For file systems with large 
directories, we can organize our 

directories as a B-tree ➡ use 
hashing to lookup a child path!
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SVFS Performance
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Each disk “platter” typically has one 
or two recording surfaces (top/
bottom). Across the surface are 
several “tracks” each of which is 

broken up into “sectors.” The time to 
move the disk head to the right track 

is referred to as the “seek time”
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Chat with your neighbor(s)!

SVFS Limitations

The SVFS suffers long seek times (e.g., the time to move the disk 
head to the sector holding data). Describe the best case scenario 
to achieve optimal disk performance. Think about the location of 

the data on the disk that we are reading from/writing to.
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SVFS Performance

• The SVFS suffers significant performance degradation due to long seek times 
waiting for the disk head to make its way around the platters, and transfers of file 
data are typically very slow


• Data blocks are allocated on disk from free lists in the SVFS, which does not 
consider the placement of data blocks relative to one another ➡ data is generally 
placed on disk wherever there is available space


• Consider the procedure to look up a large file from an indirect block: read the inode 
to find the indirect block, read the indirect block to find the data, read the inode 
again to read the doubly indirect block, etc…


• On average, SVFS transfers data at about 0.16% of HDDs maximum transfer speed!
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Strategy 1: Improving Disk Performance (Hardware)
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Pre-Fetch Buffer

Random access 
storage device

Sequential operations 
remain much more efficientOption 1: improve 

device by caching

Option 2: use 
devices that are 

better suited for task
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Strategy 2a: Larger Data Blocks
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Boot 
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Super
block

Inodes Data Blocks

A A0 A1 A2 …

Fragmentation due to 
an unused sector of 

the disk!
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Strategy 2a: Larger Data Blocks in FFS/ext2

• Each “data block” referred to be an inode is composed of eight 512-byte 
sectors on the disk


• To reduce fragmentation on disk, the last data block of a file can be 
expressed as a “partial data block” in which the file is composed of some 
number of n contiguous sectors within a block


• Partial data blocks need to be tracked in a separate free list, and the FFS 
switches allocation strategies to revert back to SVFS mapping for the 
remaining free sectors
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Chat with your neighbor(s)!

SVFS Limitations

Suppose we wanted to implement a data block 
allocation scheme like that of FFS/ext2. What would 
need to change about the inode struct to implement 

both data block allocation strategies?
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The inode would need to have a 
mechanism to distinguish whether the data 

block is a “whole block” or “sector”
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Strategy 2b: Clustering and Extents
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Length of file

Files may be allocated as 
one or more “extents” or 

clusters of blocks that are 
referred to by the inode

If we want to append to a 
file and add a data block, 

then we need to add a new 
“extent” to the inode

This strategy is used in 
NTFS (Windows OS)!



CS134 — Operating Systems SVFS Limitations

Strategy 3: Reduced Seek Latency
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Boot 
block

Super
block

directory Directory 
entries

Regular 
file0 file0 data file0 data Regular 

file1 file1 data sub-
directory

Organize disk in terms of 
directory groups to reduce 

seek latency within a 
directory! 

Subdirectories get their 
own groups of data 

blocks/sectors!
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Strategy 3: Reduced Seek Latency in FFS/ext2

• In the System V File System, the disk has a region specifically assigned to 
maintaining inode blocks and data blocks, but these sectors are not 
physically proximate to one another


• In FFS and ext2, the whole disk is considered to be a sequence of sectors/
data blocks that may be allocated as either an inode or data


• To implement this, groups of files associated with a directory are colocated 
with one another to make for faster directory reads ➡ each directory/
subdirectory gets its own chunk of disk to operate on


• This means that the operating system needs to track an additional free list! 

13



CS134 — Operating Systems

Chat with your neighbor(s)!

SVFS Limitations

Consider the construction of the FFS/ext2 disk layout 
in which sectors are organized into “file groups” 

according to their directory. What is the maximum 
number of inodes in such a directory?
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SVFS Hard Coded Constraints

• In the System V File System, space is allocated for the all of the inodes in 
advance, and inodes have a well defined format


• As a result of needing to know the maximum number of inodes a priori, the 
maximum number of files that can be created by the system must also be 
know in advance…


• As a result of predefined inode format (e.g., direct, singly-indirect, doubly-
indirect, etc…), the maximum file size has to be known in advance…


• Each of these features are a limitation of the usability of this file system!
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Other Desirable File System Features

• Journaling in memory (explicit support for writing to an mobj) and crash 
consistency


• File update atomicity


• Mechanisms to check the status of a file system and correct errors
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From Wednesday: Freeing Vnodes (demo)
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Chat with your neighbor(s)!

SVFS Limitations

To create a vnode in the file system, we allocate the space in kernel 
memory and insert the created structure into the vnode_list in the 
file system. How do we know when a vnode can be destroyed? 

Think about what happens if one or more processes each have a file 
descriptor pointing to that file.
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If a process refers to a vnode, 
we cannot destroy it

To track how many references 
to a vnode there are, the 

vnode itself needs to track a 
count of “references” pointing 

to it

When creating an entry in the 
process file descriptor table, 

we need to also increment the 
vnode reference count!
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Summary 

• The System V File System performs very slowly! In general, these slow 
features are a function of the directory layout and the organization of data 
blocks on disk


• To improve disk layout, we can organize disk sectors into contiguous blocks 
so that files may be read as singular consecutive reads


• To further improve disk layout, we can “unrestrict” the number of data sectors 
that an inode refers to by using extents (as is done in NTFS)


• If we use a directory-aware allocation of data blocks, then we can further 
reduce seek time within a directory
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